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HCWs; InterventionAbstract The aim of this study is to measure the degree of compliance with hand
hygiene practices among health-care workers (HCWs) in intensive care facilities in
Aseer Central Hospital, Abha, Saudi Arabia, before and after a multimodal interven-
tion program based on WHO strategies. Data were collected by direct observation of
HCWs while delivering routine care using standardized WHO method: ‘‘Five
moments for hand hygiene approach’’. Observations were conducted before (Febru-
ary–April 2011) and after (February–April 2013) the intervention by well-trained,
infection-control practitioners during their routine visits.
The study included 1182 opportunities (observations) collected before and 2212
opportunities collected after the intervention. The overall, hand hygiene compli-
ance increased significantly from 60.8% (95% CI: 57.9–63.6%) before the interven-
tion to reach 86.4% (95% CI: 84.9–97.8%) post-intervention (P = 0.001). The same
trend was observed in different intensive care facilities. In logistic regression anal-
yses, HCWs were significantly more compliant (aOR = 3.2, 95% CI: 2.6–3.8) after the
intervention. Similarly, being a nurse and events after patient contact were signif-
icant determinants of compliance.y, P.O.
316 A.A. Mahfouz et al.It is important to provide sustained intensified training programs to help embed
efficient and effective hand hygiene into all elements of care delivery. New
approaches like accountability, motivation and sanctions are needed.
ª 2014 Published by Elsevier Ltd. on behalf of Ministry of Health, Saudi Arabia. This
is an open access article under the CC BY-NC-ND license (http://creativecommons.
org/licenses/by-nc-nd/4.0/).1. Introduction
Numerous studies document the pivotal role of
health-care workers (HCWs) hands in the propaga-
tion of micro-organisms within the health-care
environment and ultimately to patients [1]. Hand
hygiene (HH) has been known to reduce health
care-associated infections (HAIs) since Ingaz Sem-
melweis demonstrated dramatic reductions in
puerperal sepsis after instituting a hand washing
regimen in the Vienna Lying-in Hospital in 1847 [2].
Hospitalization in an intensive care unit (ICU)
further increases the risk of HAIs. Noncompliance
with HH protocols in hospitals, particularly in ICUs,
is widely recognized as one of the most important
contributing and preventable causes of HAIs. Most
ICU-endemic infections result from the carriage
of micro-organisms on HCWs hands, and outbreaks
of infections due to cross-transmission are fre-
quent [3,4]. Contributing factors are the high
intensity of patient care in ICUs, the frequent
contacts between HCWs and ICU patients, and
the performance of procedures with a high risk of
cross-transmission [5]. Unfortunately, in health-
care, compliance with HH practices has been below
an acceptable level of at least 60% [6–8]. HCWs
must understand that hands are often the vessel
by which pathogens are passed from patient to
patient. It has been found that an aggressive edu-
cation program that is continuous can help to
improve HH compliance [5]. The WHO noted that
successful and sustained HH improvement is
achieved by implementing multiple actions to
tackle different obstacles and behavioral barriers
[9]. Based on the evidence and recommendations
from the WHO Guidelines on Hand Hygiene in
Health Care [9], the following components make
up an effective multimodal strategy for HH: (i)
System change; (ii) Training/Education; (iii) Evalu-
ation and feedback; (iv) Reminders in the work-
place; and (v) Institutional safety climate.
The Aseer region is located in southwest Saudi
Arabia covering an area of more than 80,000 km2.
The region extends from the high mountains of
Sarawat (with an altitude of 3200 m above sea
level) to the Red Sea, and lies a few kilometers
from the northern border of neighboring Yemen.The population of Aseer is 1,688,368. Health ser-
vice delivery in the southern region is provided by
a network of 244 primary health-care centers, 16
referral hospitals and 1 tertiary hospital–Aseer
Central Hospital (ACH), which has 500 beds [10]
and is run by the Ministry of Health and the College
of Medicine of King Khalid University (KKU), Abha.
The purpose of the current study is to measure
the compliance with HH practices among HCWs in
intensive care facilities at ACH before and after a
multimodal intervention program for HH based on
WHO strategies.
2. Materials and methods
Observations of HH compliance were conducted
in the different ICUs of Aseer Central Hospital,
Abha, Saudi Arabia, before (February–April 2011)
and after (February–April 2013) the multimodal
interventions.
2.1. Sample size
Using theWHOmanual for ‘‘Sample Size Determina-
tion in Health Studies’’ [11], the minimal sample
size required for each group was calculated to be
969 observations to be selected from each of two
groups to estimate a risk difference to within 5%
points of the true difference with 95% confidence
and with an anticipated population estimate of
60% (the compliance figure in a similar study in
Saudi Arabia) [6] and 80% (expected compliance
after the intervention). To avoid possible non-
response, a total of 1100 cases were initially
planned for the study. After reaching the minimal
sample size, researchers decided to continue collect-
ing observations during the assigned study periods.
2.2. Hospital setting
The Intensive Care Unit (ICU) has 12 beds; the
Intermediate Care Unit (IMCU), 32 beds; the Car-
diac Care Unit (CCU), 15 beds; the Pediatric Care
Unit (PICU), 7 beds; and the Neonatal Intensive
Care Unit (NICU), 10 beds. All of the ICUs follow
the same infection control policies and procedures
and provide the same staff orientation. Each unit
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ities are available at a frequency of 1 sink for every
3 beds. Alcohol-based hand rub dispensers are
available at each ICU entrance, and 1 dispenser
per every ICU bed is dispersed within each unit.
All physicians, nursing and allied health staff
received an infection control and hand hygiene ori-
entation. During the study periods, no massive
changes occurred in the manpower structure of
the hospital that might affect the study.
2.3. Direct observation
Data were collected by direct observation (anony-
mously and confidentially) of HCWs in ICUs while
delivering routine care (in direct contact with
patients) using a standardized WHO method for
direct observation: ‘‘Five moments for hand
hygiene approach’’ [7]. To overcome the Haw-
thorne effect (the observer effect where behaviors
are not always normal when being observed) and
ensure the process improvements are accurate,
observations were discrete and anonymous. The
five moments are before touching a patient, before
the clean/aseptic procedure, after body fluid
exposure/risk, after touching a patient, and after
touching patient surroundings. Observer training
involved a three-day workshop comprising a
daily two-hour hands-on session that included
how to monitor HH adherence according to the
World Health Organizations (WHO) ‘‘indication
moments’’ for HH [7].
The moment the observer identified an indica-
tion, it was counted as an opportunity to which
there should be a corresponding positive or
negative action (hand washing/rubbing).
2.4. Multimodal interventions
Initiation and execution of WHO recommended
activities for implementation of interventions:
This involved the implementation of strategies that
promoted HH compliance as a health-care facility
priority. The sustained intervention program
started in May 2011, and its major activities were
as follows:
j Consultation and advocacy meetings were held in May
2011 by the Research Team with the hospital manage-
ment. The purpose of the meetings was to canvass for
their cooperation and support toward achieving the
goals and objectives of the project. A local multidisci-
plinary committee appointed a study coordinator to
deliver training for health-care workers and to ensure
correct implementation of the intervention. A formal
launch took place with an official ceremony attendedby health-care workers and health authorities,
the senior health directorate, and senior hospital
managers.
j Intensifying the provision of alcohol hand rub: Actions
were taken to ensure availability of alcohol-based
hand rub at the point of care in ICUs. Commercially
produced hand rub was used. After the launch, alco-
hol-based hand rub was distributed at sites where it
was not previously available and actions were taken
where it was already in use to increase the number
of dispensers and to optimize their locations at the
point of care. Units of 1000 mL 70% isopropyl alcohol
hand rub were procured by the Project Team and
were placed in strategic points of care places within
the hospital. The Head of Nursing Services Depart-
ment (HNSD) was in-charge of its distribution to the
various ICUs.
j Training and Education: Further activities executed
were training, education and use of reminders in the
workplace as recommended by WHO. Hand hygiene
posters were displayed in all ICUs. Later on, all
health-care workers of these units attended intensive
education sessions based on WHO methods, and hand
rubbing was promoted as the gold standard for HH
according to the so-called ‘‘my five moments for hand
hygiene’’ concept [7]. The training was conducted by
the Research Team at the Hospitals conference hall
using a Power Point presentation, a video show and
training handouts given to each participant. The train-
ing on HH focused on: background to WHO Patient
Safety and the First Global Patient Safety Challenge;
definition, effect and burden of HCAI; major patterns
of transmission of healthcare-associated pathogens,
with a particular focus on hand transmission; preven-
tion of HCAI and the critical role of HH; WHO Guide-
lines on Hand Hygiene in Health Care and their
implementation strategy and tools, including why,
when and how to perform HH in a health-care situa-
tion [8]. Each training session lasted for 2–3 h. Con-
tinuous regular meetings were held for staff during
educational and feedback sessions to motivate work-
ers and administrators to understand the local situa-
tion, appreciate deficiencies, and secure support for
sustainability.
j Intensifying use of reminders in the workplace: Mate-
rials used as reminders were reproduced in the forms
of posters, prescription notebooks, and computer
screen savers. Two posters were produced, and these
include: (i) ‘‘My 5 Moments for Hand Hygiene,’’ and
(ii) ‘‘How to Hand Rub and Hand Wash.’’ The HH post-
ers were displayed in all ICUs at strategic locations,
such as: hand wash sinks, beds, and consultation
rooms – all points where health worker/patient con-
tact occur.
j Involvement of hospital leaders in HH improvement
activities through active participation in HH days.
j Evaluation and feedback: monitoring HH compliance
rates in intensive care units on a monthly basis and
communicating reports to the concerned staff and to
the hospital leader.
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soaps and paper towels through regular daily rounds
by infection control practitioners in ICUs.2.5. Statistical analysis
Data were coded, validated and analyzed using the
SPSS PC+ version 13 software package. Frequency,
percentage and 95% confidence intervals (95% CI)
were used to present the data. Chi square was used
as a test of significance at the 5% level of signifi-
cance. Binary logistic multivariate regression anal-
ysis was conducted. Adjusted Odds ratio (aOR) and
antecedent 95% confidence intervals were used to
identify potential determinants of HH compliance.
Regarding dichotomous variables included in the
model, HH compliance was the dependent variable
and the independent variables were health-care
worker profession (nurses vs. physicians and
others), the event and indication of HH (indications
after contact with the patient vs. indications
before contact with the patient), status and timing
of the observation (after the intervention vs.
before the intervention), and the observed
intensive care unit (IMCU vs. other ICUs). The
method used was ‘‘enter’’ method.
2.6. Ethics
The work was approved by the Ethics Committee of
King Khalid University.3. Results
The present study included 1182 opportunities
(observations) collected before the interventions
(February–April 2011), and 2212 opportunities
collected after the intervention (February–April
2013). Observations covered 179 nurses and
34 physicians and 23 other health-care workers
(including X-ray and ECG technicians, physiothera-
pists and respiratory therapists) working in these
units.
Table 1 shows that the overall HH compliance
increased from 60.8% (95% CI: 57.9–63.6%) before
intervention to reach 86.4% (95% CI: 84.9–97.8%)
post intervention. The increase was statistically
significant (P = 0.001). The same significant
(P = 0.001) trend of increase of HH compliance
was observed in different intensive care units
(ICU, IMCU, PICU, CCU, and NICU).
Among physicians working in ICUs, the HH com-
pliance increased from 53.5% (95% CI: 48.2–
58.4%) before intervention to reach 83.64% (95%
CI: 80.6–86.3) post intervention. The increase
was statistically significant (P = 0.001). The sametrend of significant increase (P = 0.001) of HH com-
pliance was also observed among nurses and
other health-care workers (Table 1). HH compli-
ance of nurses was significantly (P = 0.001) higher
compared with compliance of physicians pre- and
post-intervention.
Regarding HH indication, before patient con-
tact, the HH compliance increased from 49.6%
(95% CI: 44.4–54.7%) before intervention to reach
88.1% (95% CI: 85.3–90.5%) post-intervention.
The increase was statistically significant
(P = 0.001). The same trend of increase of HH com-
pliance was also observed among different HH indi-
cations (Table 1). HH compliance rates before
patient contact and before aseptic procedures
were significantly (P = 0.001) lower compared with
compliance rates after body fluid exposure, after
patient contact and after patient surrounding con-
tact. This trend was observed pre- and post-
intervention.
After adjusting all variables to each other in a
logistic regression analysis model (Table 2), the
study showed that HCWs were more significantly
(aOR = 3.2, 95% CI: 2.6–3.8) HH compliant after
the multi-modal intervention; nurses were signifi-
cantly (aOR = 1.3, 95% CI: 1.1–1.9) more compliant
compared with physicians and other HCWs; compli-
ance was more significant in events after patient
contact (aOR = 2.0, 95% CI: 1.7–2.4) and compli-
ance was more significant among HCWs working in
IMCU (aOR = 1.8, 95% CI: 1.5–2.3).4. Discussion
Healthcare-associated infections have a great
impact on morbidity, mortality, length of hospital
stay, and costs [8]. Intensive care units (ICUs) rep-
resent a center of healthcare-associated infections
because of patients characteristics. Particularly,
the use of various invasive devices is one of the
most important risk factors for acquiring health-
care-associated infections [9].
Erasmus et al. in 2010 [8] reviewed 65 global
studies on compliance with HH guidelines in ICUs
and found an overall compliance rate of 30–40%,
and they concluded that noncompliance with HH
guidelines is a universal problem. They concluded
that to develop successful interventions, more
research into the behavioral determinants is
needed.
The results of the present study showed that
implementation of the WHOs multimodal promo-
tion strategy was associated with a significant
increase in overall hand-hygiene compliance in
intensive care facilities from 60.8% before interven-
Table 1 Hand hygiene compliance rates (% and 95% CI) pre- and post-multimodal intervention program in intensive care
units of Aseer Central Hospital.
Variable* Compliance rate % (95% CI)
Pre-intervention Post-intervention
Unit
ICU 57.1 (52.7–61.4) 69.0 (59.1–78.7)
IMCU 42.6 (30.7–55.2) 92.1 (90.2–93.7)
PICU 68.0 (61.4–74.1) 95.4 (91.7–97.8)
CCU 63.6 (51.8–74.3) 79.2 (75.7–82.4)
NICU 65.2 (59.5–70.6) 86.3 (82.4–89.5)
Healthcare provider
Physicians 53.5 (48.2–58.4) 83.6 (80.6–86.3)
Nurses 69.4 (65.9–73.5) 88.5 (86.1–90.6)
Other HCWs 59.2 (51.7–66.6) 86.3 (84.1–89.1)
Hand hygiene indication
Before patient contact 49.6 (44.4–54.7) 78.1 (75.3–80.5)
Before aseptic procedure 51.7 (43.3–59.8) 70.9 (63.4–77.9)
After body fluid exposure 65.2 (54.5–74.8) 85.2 (81.4–87.6)
After patient contact 78.6 (73.6–83.0) 89.7 (86.9–92.0)
After patient surrounding contact 69.6 (63.1–75.7) 86.3 (83.2–88.9)
Overall 60.8 (57.9–63.6) 86.4 (84.9–87.8)
* All are significant (P = 0.001).
Table 2 Multivariate analysis, binary logistic regression model showing adjusted Odds ratio (aOR) and antecedent 95%
confidence intervals (CI) of potential factors determining hand hygiene compliance in intensive care units of Aseer Central
Hospital, southwestern Saudi Arabia.
Variable aOR 95% CI
Lower Upper
HCWs*: Nurses vs. Physicians and other HCWs 1.306 1.104 1.990
Event*: After vs. before patient contacts 2.010 1.693 2.386
Status*: Post-intervention vs. pre-intervention 3.167 2.613 3.838
Intensive care unit*: IMCU vs. other ICUs 1.818 1.464 2.258
* Significant (P < 0.05).
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trend of increased HHC was observed in different
intensive care units (ICU, IMCU, PICU, CCU, and
NICU) in the hospital. A similar increase in HHC
was noticed in a study on multiple intervention pro-
grams for HHC in ICUs in Spain in 2012 and in Brazil
in 2013 [12,13]. A study in Lebanon in mixed ICUs
found increased HHC and a reduction in ventila-
tor-associated pneumonia after initiation of the
HH program [14]. Results of a study in NICUs in Hol-
land showed improvement of HH practices among
health-care professionals due to an education pro-
gram, and the improved HH resulted in a reduction
in nosocomial bloodstream infections [15].
The high overall compliance rate of 86.4%
observed in the present study after intervention
may be attributed to the positive effect of theInterventional programs which included systematic
HH training using the WHO materials/tools and the
use of HH posters and other reminders in the hospi-
tal facilities. This could also be attributed to the
support of the hospital authority and the enthusi-
asm demonstrated by the health workers to com-
ply, particularly those who participated in the
training program. Findings from some recent
studies have consistently indicated that HHC rates
improve significantly following interventional
efforts of training and use of reminders in the
workplace [16].
Recently, a multi-center study at six pilot sites
(55 departments in 43 hospitals) in Costa Rica,
Italy, Mali, Pakistan, and Saudi Arabia used WHOs
multimodal strategy for improvement of HH [17].
Researchers assessed the HHC of healthcare work-
320 A.A. Mahfouz et al.ers. Overall compliance increased from 51.0%
before the intervention to 67.2% after the inter-
vention. Researchers concluded that: ‘‘Implemen-
tation of WHOs hand-hygiene strategy is feasible
and sustainable across a range of settings in differ-
ent countries and leads to significant compliance
and knowledge improvement in healthcare
workers’’.
In the present study HHC differed depending on
the five moments of HH (P = 0.001). HHC rates
before patient contact and before aseptic proce-
dures were significantly (P = 0.001) lower com-
pared with compliance rates after body fluid
exposure, after patient contact and after patient
surrounding contact. This trend was observed pre-
and post-intervention. The WHO found poor levels
of compliance before an aseptic task, and it is sug-
gested that activities that are high risk to the
patient have lower compliance [18]. HCWs compli-
ance is high when hands are visibly dirty or sticky
[19–21]. These activities have a perceived element
of risk to them, for example, after exposure to
body fluids. Lower levels of compliance were found
across all groups for the moment after contact
with patient surroundings. There is growing evi-
dence that the environment and the issue of envi-
ronmental cleaning and decontamination are
important factors in minimizing HCAIs. The envi-
ronmental cleaning needs to be improved generally
and specifically at hand touch sites. Hand touch
sites with the highest risk to patients are those
which are next to the patient, for example, bed-
rails, lockers, over bed tables and door handles
[22]. This instinctive tendency toward privileging
of oneself rather than toward patient protection
has been identified repeatedly [23–25]. It is man-
datory to tailor programs in the future to show
HCWs their actual behavior and responsibilities
and to call for accountability with regard to patient
safety. New approaches like accountability, moti-
vation and sanctions are needed to urge HCWs to
be more engaged in the program. Further studies
are needed to test for the continuity of the study
and whether high compliance rates are achieved
at different post-intervention periods.
HHC of nurses was significantly (P = 0.001)
higher compared with compliance of physicians
pre- and post-intervention. Studies showed that
doctors in general have previously been found to
have poor compliance with infection prevention
and control standards [26]. It may be that doctors
have a distinct culture associated with levels of
power, which means that they can be difficult
[27]. Some studies have looked into the effect of
role models on HHC. One study found that HHbehavior of senior practitioners plays a crucial part
in influencing junior staff [28]. It is suggested that
targeting of consultants is the way forward to
improve compliance levels.
5. Conclusion
The observed increase in HHC warrants sustaining
the intensified local HH promotion education and
training programs to help embed efficient and
effective HH into all elements of care delivery in
ICUs in ACH. New approaches like accountability,
motivation and sanctions are needed to urge HCWs
to be more engaged in the program.
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